Core evidence clinical impact summary for NEPA {#S0001}
==============================================

**Outcome MeasureEvidenceImplicationsDisease-oriented evidence**Efficacy on management of chemotherapy-induced nauseaClearProved by RCT and observational studiesEfficacy on management of chemotherapy-induced vomitingClearProved by RCT and observational studiesCardiac safetyClearProved by RCT studies**Patient-oriented evidence**Improvement in quality of lifeClearProved by RCT and observational studiesHigh adherence to guidelinesClearOne shot administration provides a complete adherence to guidelines for most HEC and MEC regimensSparing of corticosteroidsModerateObserved in clinical practice. Trials are currently underway**Economic evidence**Cost effectivenessModerateA cost-effectiveness analysis suggests that NEPA, providing a superior CINV prevention, lowers total medical costs due to CINV-related adverse events compared to other antiemetic regimens.[^1]

Introduction {#S0002}
============

Chemotherapy may induce several side effects, including nausea and vomiting (CINV). If not properly controlled, CINV can be very harmful to the patients, causing dehydration, undernourishment and electrolyte imbalance. These side effects can profoundly impact patients' quality of life and their adherence to the treatment.[@CIT0001],[@CIT0002]

The incidence of CINV is conditioned by several risk factors that can be related either to the patient or to the treatment.[@CIT0003]

Different antineoplastic drugs induce different emetic patterns in terms of intensity, duration and peak. Drugs that induce vomiting in more than 90% of patients without any emetic prophylaxis are defined "highly emetogenic chemotherapy" (HEC), while those with a nausea and vomiting incidence between 30% and 90% are defined "moderately emetogenic chemotherapy" (MEC). CINV events can develop on the same day of the chemotherapy treatment (defined as "acute"), or on the days after the administration of the chemotherapy (defined as "delayed").[@CIT0004] Different physiological mechanisms underlie the acute and the delayed CINV. In fact, the peripheral pathway, which takes place primarily in the gastrointestinal tract, is predominant in the development of the acute CINV and it is mediated by the action of serotonin on the 5HT~3~ receptors present on vagal afferents whereas the delayed CINV is predominantly mediated by the substance P that acts on the NK~1~ receptors. The latter is defined as "central pathway" since it takes place primarily within the central nervous system.[@CIT0005] The aim of this short review is to analyze the role of NEPA in CINV prophylaxis and management taking in account the risk factors related to the patient and to the antineoplastic treatment. No ethical approval was needed for this manuscript by EC (Ethical Committee) of our Institution because it is a review of the literature.

5HT~3~-RAs and NK~1~-RAs {#S0003}
========================

Several drugs are currently available for the prophylaxis and the control of the nausea and vomiting associated to antineoplastic treatments but the most effective belong to the class of the 5HT~3~ receptor antagonists (5HT~3~-RAs) or to the NK~1~ receptor antagonists (NK~1~-RAs). These drugs are also available in different formulation (oral, intravenous or transdermal patch). A combination of a 5HT~3~-RA and a NK~1~-RA together with dexamethasone is actually the most recommended for CINV prophylaxis, in particular for highly emetogenic treatments.[@CIT0006]--[@CIT0008]

The aim of this short review is to analyze the role of NEPA (netupitant/palonosetron) in CINV prophylaxis and management, taking in account the risk factors related to the patients and to the emetogenic potential of the antineoplastic treatment.

5HT~3~-RAs {#S0003-S2001}
----------

The class of the 5HT~3~-RAs can be sub-classified in two main groups characterized by different pharmacological, pharmaco-dynamic and clinical features: the first generation 5HT~3~-RA group, as ondansetron, dolasetron, granisetron and tropisetron and the second-generation 5HT~3~-RA constituted by palonosetron.[@CIT0005]

First-generation 5HT~3~-RAs are characterized by a short half-life (from 5 to 11 hours). These molecules bind to the 5HT~3~ receptor, establishing a competition for the receptor occupancy. This mechanism is effective but transient and do not cause internalization of the receptor.[@CIT0009]

On the contrary, palonosetron has a half-life of 40 hours, much longer compared to first-generation compounds. Moreover, its mechanism of action is also different, since it acts by an allosteric binding to the 5HT~3~ receptor. This causes a positive cooperation on the other site leading to a higher and longer affinity with the receptor and to its internalization. Moreover, palonosetron exerts an inhibitory action on the NK~1~ pathway (cross-talk pathway) therefore potentiating its clinical activity ([Figure 1](#F0001){ref-type="fig"}).[@CIT0009]Figure 1Cartoon showing the mechanism of action of NEPA. Palonosetron (PALO) acts on the 5HT~3~ receptor via allosteric binding, generating a positive cooperativity that strongly blocks 5HT~3~ signaling. This blockage also causes receptor internalization. Netupitant (NETU) binds the NK~1~ receptor and inhibits its signaling. Moreover, concomitant administration of PALO and NETU results in a cross-talk inhibition between the two pathways that has a synergistic inhibitory effect. NEPA, netupitant-palonosetron; 5HT3 receptor, serotonin type 3 receptor; NK1 receptor, neurokinin type 1 receptor.

These differences translate into a statistically significant clinical superiority of palonosetron, compared to the first generation compounds as demonstrated in a number of clinical studies.[@CIT0010]--[@CIT0012] Moreover, a single administration of palonosetron on the day of chemotherapy is usually sufficient to protect the patient from CINV for the entire cycle, the others 5HT3-RA may need of multiple doses for a proper CINV management.[@CIT0013]

NK~1~-RAs {#S0003-S2002}
---------

The association of a NK~1~-RA with a 5HT~3~-RA has quite enhanced the efficacy of CINV prophylaxis, especially in the control of the delayed phase, where the Substance P plays its major role.[@CIT0005] The drugs belonging to this family are aprepitant, netupitant and rolapitant. They share the same mechanism of action but they profoundly differ on their half-life. Indeed, aprepitant has a half-life of about 9--13 hours, netupitant of 96 hours, while rolapitant of 169--183 hours.[@CIT0014],[@CIT0015] This pharmacokinetic feature of the different NK~1~-RA impacts on the dosage of these molecules for the proper management of CINV. In fact, aprepitant requires three oral administrations, given the first on the day of the chemotherapy and the other two, at lower dosage on the subsequent days at home.[@CIT0016] Fosaprepitant, which is an aprepitant pro-drug for intravenous administration, is given only on day 1 when the patient receives chemotherapy, but it requires the administration of oral dexamethasone on days 2--4.[@CIT0016]

Rolapitant is a highly selective NK1-RA characterized by having a half-life of more than a week.[@CIT0015] Due to this characteristic, it is supplied in a single administration of two capsules on the day of chemotherapy and it does not require any other supplementation at home.[@CIT0017] Rolapitant also differs from aprepitant and netupitant since it does not induce nor inhibit the cytochrome 3A4 (CYP3A4) and therefore dexamethasone adjustment is not required.[@CIT0015] On the other hand, it may interact with drugs that are metabolized by the CYP2D6.[@CIT0018]

NEPA {#S0003-S2003}
----

NEPA is the first fixed antiemetic combination composed by the long lasting second-generation 5HT~3~-RA palonosetron and the highly selective NK~1~-RA netupitant available as oral formulation. Moreover, FDA recently approved a combination of fosnetupitant plus palonosetron for intravenous use. A single dose of NEPA acts on the principal pathways involved in the mechanisms controlling nausea and vomiting in a synergistic way with an appropriate half-life to cover both the acute and delayed phase ([Figure 1](#F0001){ref-type="fig"}).[@CIT0014] Their synergic effect on the inhibition of NK~1~ by pathway cross-talk and their role in receptor internalization have been largely demonstrated.[@CIT0019],[@CIT0020] Moreover, the co-administration of netupitant and palonosetron shows no changes in pharmacokinetic parameters as compared with single administration.[@CIT0021]

CINV Risk Factors {#S0004}
=================

Etiology of CINV is complex and not fully understood. Several risk factors concur in the development of CINV that can be categorized in two main groups: chemotherapy-related and patient-related risk factors.[@CIT0003] The proper assessment of the emetogenic potential of the drugs combined with the individual risk factors, which can be collected before the start of the treatment, is essential to evaluate an appropriate CINV prophylaxis.[@CIT0022] An algorithm that take into account both treatment- and patient-related risk factors is also available and can be consulted online ([[www.riskcinv.org](http://www.riskcinv.org)]{.ul}).[@CIT0023]

Chemotherapy-Related Risk Factors {#S0004-S2001}
---------------------------------

The type of antineoplastic drugs, administered in the chemotherapy regimen, is the first risk factor that has to be evaluated. Regimens that include highly emetogenic drug are at higher risk of inducing CINV compared to regimens containing less emetogenic compounds. However, most chemotherapy protocols consist of combinations of different drugs generating various emetogenic stimuli that may differ in terms of intensity but also in terms of duration and peak. Therefore, despite current international guidelines categorize the recommended CINV prophylaxis only according to the highest emetogenic drug of chemotherapy schedule, it is clear that the proper evaluation of CINV is more complex. Moreover, different NK~1~-RAs have different posology (ie, aprepitant should be administered in three days) and this could affect the adherence to the prophylactic treatment.[@CIT0024],[@CIT0025] All these factors should be taken in account, especially if the patient undergoing the treatment presents also other risk factors.[@CIT0003]

Patient-Related Risk Factors {#S0004-S2002}
----------------------------

Several clinical studies have established that the development of CINV is highly correlated with patient features and history, such as gender, age, alcohol intake, limited sleep, number of previous chemotherapy cycles, nausea during pregnancy and motion sickness.[@CIT0003],[@CIT0023] Moreover, few studies proposed also other risk factors, in particular anxiety, expectation and concomitant consumption of opioid drugs or serotonin specific reuptake inhibitors.[@CIT0003]

Female sex is a well-established risk factor for developing CINV by a mechanism that is not fully understood. Additionally, these patients may have also developed nausea and/or vomiting during pregnancy, therefore increasing the risk of CINV. This is particularly relevant in breast and gynecological cancer. Indeed, by definition these tumors can only rise in female patient and often also affect young patient, adding another risk factor. Therefore, in these patients CINV management should be carefully evaluated, considering also these patient-related risk factors.[@CIT0023] It has been demonstrated that NEPA is a very effective drug for CINV prophylaxis in these settings. In female patients with breast cancer receiving anthracycline/cyclophosphamide (AC)-based chemotherapy it was statistically superior in complete response (no vomiting and no use of rescue medication) during the acute, delayed, and overall phases, as compared to palonosetron.[@CIT0026] Similarly, NEPA was also effective in CINV management in female patients undergoing treatment for gynecological cancer.[@CIT0027] Moreover, in patients with breast cancer, the role of NEPA is important also for its cardiac safety profile, since those patients are at high risk to develop cardiomyopathy related to breast cancer treatment.[@CIT0028] A randomized, placebo-controlled study performed on 197 healthy subjects established the cardiac safety on NEPA, with no significant effects on QTc prolongation, heart rate, PR interval, QRS and cardiac morphology.[@CIT0029]

All patients that had previous episodes of nausea and vomiting are also particularly at risk of CINV. This includes nausea and/or vomiting during pregnancy, motion sickness and to previous chemotherapy treatment.[@CIT0003],[@CIT0023] In fact, uncontrolled CINV in previous cycles increases more than five-fold the probability to develop CINV in subsequent cycles.[@CIT0023] Therefore, it is very important to offer the best available prophylactic treatment starting from the first chemotherapy cycle, as recommended by international guidelines, especially in patient with more risk factors.

The patient age and alcohol intake are also predictive factors for developing CINV. With this regard, it has been demonstrated that being a young patient (less than 60 years) is correlated to an increase of more than 40% probability to nausea and vomiting during chemotherapy.[@CIT0023] Low alcohol consumption (less than 44mL/day) is also correlated with an increased CINV susceptibility.[@CIT0003]

CINV Management Guidelines {#S0005}
==========================

There are different sets of guideline recommendations for antiemetic treatments: the most internationally recognized are those from the Multinational Association of Supportive Care in Cancer/European Society for Medical Oncology (MASCC/ESMO), the American Society of Clinical Oncology (ASCO) and the National Comprehensive Cancer Network (NCCN).[@CIT0006]--[@CIT0008] All these guidelines are evidence-based and largely overlap on the recommended treatments, but all indicate that the main objective is to prevent rather than treat nausea and vomiting induced by chemotherapy. The antiemetic guidelines recommend the use of a triple combination of NK~1~-RA, a 5HT~3~-RA and dexamethasone for HEC and AC-based chemotherapy in the first day of the treatment, based on the results of several pivotal studies conducted in these settings ([Tables 1](#T0001){ref-type="table"} and [2](#T0002){ref-type="table"}). In addition, for these regimens, recently ASCO invites to consider also olanzapine as a fourth drug, if nausea is a concern.[@CIT0006] In case the NK~1~-RA used in the first day is aprepitant, it should also be administered in the following days to prevent delayed CINV.[@CIT0006]--[@CIT0008]Table 1Comparison of Different CINV Prophylactic Treatments in Randomized Pivotal Studies in Cisplatin-Based RegimesStudy and Study ArmsNumber of Randomized Patients per ArmCancer TypeComplete ResponseNo Significant NauseaPoli Bigelli et al Cancer. 2003[@CIT0039]\
APR+OND+DEX\
OND+DEX\
260\
263Lung 36%; Urogenital 39%; Head and neck 8%; other a%Acute: 82.8% vs 68.4% \*\
Delayed: 67.7% vs 46.8% \*\
Overall: 62.7% vs 43.3% \*Acute: not performed\
Delayed: 73% vs 65%\
Overall: 71% vs 64%Hesketh et al J Clin Oncol. 2003[@CIT0040]\
APR+OND+DEX\
OND+DEX\
260\
261Lung 42%; Urogenital 23%; other 35%Acute: 89.2% vs 78.1% \*\
Delayed: 75.4% vs 55.8% \*\
Overall: 72.7% vs 52.3% \*Acute: 90.6% vs 86.5%\
Delayed: 75.3% vs 68.5%\
Overall: 73.2% vs 66.0%Grunberg et al J Clin Oncol. 2011[@CIT0041]\
FOS+OND+DEX\
APR+OND+DEX\
1147\
1175Lung 47%; GI 21%; Urogenital 15%; other 17%Acute: 89.0% vs 88.0%\
Delayed: 74.3% vs 74.2%\
Overall: 71.9% vs 72.3%Acute: not performed\
Delayed: not performed\
Overall: 70.1% vs 70.4%Hesketh et al Ann Oncol. 2014[@CIT0033]\
NEPA+DEX\
PAL+DEX\
135\
136Urogenital 29%; Lung 28%; Head and neck 21%; GI 12%; other 10%Acute: 98.5% vs 89.7% \*\
Delayed: 90.4% vs 80.1% \*\
Overall: 89.6% vs 76.5% \*Acute: 98.5% vs 93.4% \*\
Delayed: 90.4% vs 80.9% \*\
Overall: 89.6% vs 79.4% \*Rapoport et al Lancet Oncol. 2015 (HEC-1)[@CIT0015]\
ROL+GRA+DEX\
GRA+DEX\
264\
262Lung 38%; Head and neck 21%; Urogenital 9%; other 32%Acute: 84% vs 74% \*\
Delayed: 73% vs 58% \*\
Overall: 70% vs 56% \*Acute: 86% vs 79% \*\
Delayed: 73% vs 65% \*\
Overall: 72% vs 63% \*Rapoport et al Lancet Oncol. 2015 (HEC-2)[@CIT0015]\
ROL+GRA+DEX\
GRA+DEX\
271\
273Lung 49%; Head and neck 16%; GI 9%; other 26%Acute: 83% vs 79%\
Delayed: 70% vs 62% \*\
Overall: 68% vs 60%Acute: 90% vs 86%\
Delayed: 75% vs 69%\
Overall: 73% vs 68%[^2] Table 2Comparison of Different CINV Prophylactic Treatments in Randomized Pivotal Studies in AC-Based RegimesStudy and Study ArmsNumber of Randomized Patients per ArmComplete ResponseNo Significant NauseaWarr et al Clin Oncol. 2005[@CIT0042]\
APR+OND+DEX\
OND+DEX\
438\
428Acute: 76% vs 69% \*\
Delayed: 55% vs 49%\
Overall: 51% vs 42% \*Acute: not performed\
Delayed: not performed\
Overall: 61% vs 56%Aapro et al Ann Oncol. 2014[@CIT0026]\
NEPA+DEX\
PAL+DEX\
724\
725Acute: 88.4% vs 85.0% \*\
Delayed: 76.9% vs 69.5% \*\
Overall: 74.3% vs 66.6% \*Acute: 87.3% vs 87.9%\
Delayed: 76.9% vs 71.3% \*\
Overall: 74.6% vs 69.1% \*Schwartzberg et al Lancet Oncol. 2015[@CIT0043]\
ROL+GRA+DEX\
GRA+DEX\
344\
359Acute: 77% vs 77%\
Delayed: 67% vs 60% \*\
Overall: 63% vs 55% \*Acute: not performed\
Delayed: not performed\
Overall: not performed[^3]

Regarding MEC settings, guidelines do not require the administration of a NK~1~-RA, unless in case of carboplatin-based regimens. Indeed, specific metanalysis have demonstrated that a triple combination prophylaxis is effective in patients undergoing chemotherapy treatments containing carboplatin ([Figure 2](#F0002){ref-type="fig"}).[@CIT0027],[@CIT0030] Therefore, guidelines have been modified accordingly.[@CIT0006]--[@CIT0008]Figure 2Post hoc analysis on carboplatin-based regimes. (**A)** Histograms showing the effect of a CINV prophylaxis with or without NK~1~-RA on the first chemotherapy cycle. Adapted from *Critical Reviews in Oncology/Hematology*, Vol 124, Di Maio M, Baratelli C, Bironzo P, et al, Efficacy of neurokinin-1 Receptor Antagonists in the Prevention of Chemotherapy-Induced Nausea and Vomiting in Patients Receiving Carboplatin-Based Chemotherapy: A Systematic Review and Meta-Analysis, Pages No. 21-28, Copyright (2018), with permission from Elsevier.[@CIT0044] (**B)** Histograms showing the CR rate on patients treated with NEPA+DEX compared with patients treated with APR+PALO+DEX. Adapted by permission from Springer Nature Customer Service Centre GmbH: Springer Nature, [[Supportive Care in Cancer](https://www.springer.com/journal/520)]{.ul}. Efficacy Benefit of an NK1 Receptor Antagonist (NK1RA) in Patients Receiving Carboplatin: Supportive Evidence With NEPA (A Fixed Combination of the NK1 RA, Netupitant, and Palonosetron) and Aprepitant Regimens, Jordan K, Gralla R, Rizzi G, et al, \[COPYRIGHT\] (2016).[@CIT0045]**Abbreviations:** CINV, chemotherapy-induced nausea and vomiting; CR, complete response; NEPA, netupitant-palonosetron; 5HT3-RA, serotonin type 3 receptor antagonist; NK1-RA, neurokinin type 1 receptor antagonist; DEX, dexamethasone; APR, aprepitant; PALO, palonosetron.

Several studies were conducted to evaluate the adherence to antiemetic guidelines and, although there is variability depending on the country, even more recent reports reveal a general low adherence.[@CIT0024],[@CIT0025],[@CIT0031] In fact, an Italian study on patients with breast cancer undergoing AC-chemotherapy reported that only 43.5% of the patients were treated with a CINV prophylaxis for the overall phase according to the national guidelines.[@CIT0031] Similarly, a survey collected among American oncology nurses revealed low adherence to guidelines, especially during the delayed phase following HEC, where only 25% of nurses reported administration of guidelines-recommended drugs.[@CIT0025] Moreover, these studies reported that a high adherence to guidelines increases the odds to be protected from CINV.[@CIT0024],[@CIT0031]

NEPA, being a fixed combination of a 5HT~3~-RA and a NK~1~-RA, gives the clinicians a simplified therapeutic option ensuring optimal adherence to therapy, which is a key requirement to obtain the maximum efficacy in the prophylaxis of CINV.[@CIT0032] Moreover, NEPA is administered only once just before the chemotherapy treatment under medical supervision, guaranteeing 100% adherence to guidelines.

Recent Developments of NEPA Clinical Profile {#S0006}
============================================

Efficacy of NEPA in preventing CINV induced by either HEC and MEC have been evaluated using palonosetron as reference in formal pivotal studies, which lead to the registration of the drug.[@CIT0026],[@CIT0033] More recently, other studies were conducted to further investigate NEPA efficacy and expand its clinical profile in different settings or populations.

A Phase III clinical trial was conducted in Asia on 829 patients receiving HEC using aprepitant and granisetron as reference arm, which was the first head-to-head study designed to compare the efficacy of two NK~1~-RA/5HT~3~-RA regimens.[@CIT0034] The primary endpoint of non-inferiority between the two regimens was achieved: overall CR rate was 73.8% for single dose NEPA plus dexamethasone and 72.4% for 3-day oral aprepitant plus granisetron and dexamethasone. Importantly, the secondary endpoints, such as no emesis and no significant nausea rates were numerically in favor of NEPA in the delayed as well as in the overall phases.[@CIT0034]

Usually, CINV studies focus the investigation of antiemetic properties on the first cycle of chemotherapy, but efficacy of NEPA was also evaluated and confirmed over multiple cycles in different chemotherapy settings. With this regard, a post-hoc analysis of two studies showed that NEPA was highly effective in preventing both acute and delayed CINV over multiple chemotherapy cycles of HEC, AC, and MEC regimens.[@CIT0035] These results were confirmed in a very recent study designed to investigate the efficacy of NEPA in breast cancer patients receiving adjuvant AC chemotherapy over multiple cycles and during the inter-cycle period.[@CIT0036] In 149 patients on study, the proportion of patients with an overall CR was 70.5% in cycle 1, and this was maintained in subsequent cycles. Overall, the cumulative percentage of patients with a sustained CR over 4 cycles was 53%. Notably, this study showed that NEPA plays an important role in managing CINV also in a later phase (6 to 21 days from chemotherapy). Indeed, in each cycle patients that reached CR experienced a significantly better control of very late nausea and/or vomiting than those who experienced no CR.[@CIT0036] Moreover, another study explored the timing flexibility of NEPA administration by analyzing the occupancy of the NK~1~ receptor in the brain via positron emission tomography and NEPA plasma concentration by pharmacological models. The results suggested the possibility to administer NEPA closer to initiation of chemotherapy than the recommended 60 min.[@CIT0037]

Lastly, a very recent cost-effectiveness analysis conducted to compare NEPA versus an aprepitant plus granisetron regimens in patients receiving HEC suggests that NEPA, by achieving a superior CINV prevention, is highly cost-saving due mainly to lower medical costs of CINV-related events.[@CIT0038]

Conclusion {#S0007}
==========

In this article, we reviewed the pharmacological characteristics of the classes of the 5HT~3~-RAs and the NK~1~-RAs and the most relevant CINV risk factors, both therapy- and patient-related and we defined the role of NEPA, which is a single oral dose combining a NK~1~-RA and a 5HT~3~-RA. NEPA ensures the coverage of the 5 days post-treatment, without any additional 5HT~3~-RA or NK~1~-RA drug to be taken by patients at home for antiemetic prophylaxis.[@CIT0003],[@CIT0022],[@CIT0032] NEPA has also demonstrated to be effective and safe in both HEC and MEC. Finally, it drastically simplifies the therapy by reducing the number of single drug administrations needed, guaranteeing fully adherence to antiemetic guidelines, and consequently improving the control of CINV starting from the first cycle of chemotherapy, not interfering with the adherence to the chemotherapy treatment. Therefore, for its pharmacological and clinical features NEPA represents a major step forward in CINV prevention.
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[^1]: **Abbreviations:** RCT, randomized controlled trial; HEC, highly emetogenic chemotherapy; MEC, moderate emetogenic chemotherapy; CINV, chemotherapy-induced nausea and vomiting.

[^2]: **Note:** \*Results are statistically significant.

    **Abbreviations:** CINV, chemotherapy-induced nausea and vomiting; APR, aprepitant; FOS, fosaprepitant; ROL, rolapitant; OND, ondansetron; GRA, granisetron; PALO, palonosetron; NEPA, netupitant-palonosetron; DEX, dexamethasone; GI, gastrointestinal.

[^3]: **Note:** \*Results are statistically significant.

    **Abbreviations:** CINV, chemotherapy-induced nausea and vomiting; AC, anthracycline-cyclophosphamide; APR, aprepitant; ROL, rolapitant; OND, ondansetron; GRA, granisetron; PAL, palonosetron; NEPA, netupitant + palonosetron; DEX, dexamethasone.
